which was barely detectable ( Figure 1B) . In C. elegans, the protein encoded by tlf-1, called CeTLF, was found in the germ line and in all somatic nuclei beginning at the pronuclear stage ( Figure 1C ). This expression pattern resembled that of CeTBP except that CeTBP was apparently more abundant. A CeTLF::GFP translational fusion showed the same expression pattern in the soma except that it initiated at the 28-cell stage (data not shown). Since it is well known that transgenes are not expressed efficiently in germline nuclei (Kelly et al., 1997) , this result suggested that the earliest CeTLF expression was derived from maternal stores. The broad pattern of expression we observed extends studies in other animals that found TLF was widely expressed in adult tissues ( 
CeTLF Activates Pol II Transcription
Our next goal was to analyze the phenotype of embryos lacking CeTLF. One difficulty we anticipated was that the maternal endowment of tlf-1 RNA could rescue tlf-1 homozygous embryos at least to some degree and complicate the phenotypic analysis. To circumvent this difficulty, we relied on RNA interference (RNAi), in which double-stranded RNA is injected into adult hermaphrodites, resulting in posttranscriptional silencing of the homologous gene in the offspring (Bosher and Labouesse, 2000). Figure 1C shows that we reduced CeTLF below the level of detection using this approach. Moreover, ucts occurred normally in tlf-1(RNAi) embryos. For example, asymmetric cell divisions before the 28-cell stage ( Figure 2D and data not shown), segregation of germline other metazoans, each of which is known to contain only TBP and TLF (Drosophila being the notable exception). P granules ( Figure 1C ), and PIE-1::GFP expression (Figure 2H) were unaffected by tlf-1 RNAi. Isolation of tlf-1 cDNAs revealed that tlf-1 coded for a hypothetical protein that was 30% identical to CeTBP Analysis of several differentiation markers confirmed that zygotic transcription was affected in all tissues exin the saddle domain and contained acidic and glutamine-rich regions similar to Drosophila TLF. The preamined (Figure 2 (Figure 4) .
We observed two changes in the H5 staining pattern as a consequence of tlf-1 RNAi. First, there was a general decrease in H5 staining during interphase ( Figure 3A ). This reduction suggested that either all Pol II genes were partially affected by tlf-1 RNAi or only some Pol II genes were completely affected. To distinguish between these alternatives, we screened genes expressed in gastrula Embryos lacking tlf-1 activity failed to express END-1::GFP at any time in development ( Figure 3B ). No expression was detected even when embryos were stained with ␣GFP antibodies, which is a more sensitive measure of GFP protein than is GFP fluorescence. We note that the loss of END-1 provides a simple explanation for the precocious division of Ea and Ep in tlf-1(RNAi) embryos, since end-1 and its redundant homolog end-3 are necessary for the prolonged Ea and Ep cell cycle of wild-type embryos (Zhu et al., 1997; M. Maduro and J. H. R., unpublished data).
In contrast to the observations with END-1::GFP, embryos lacking CeTLF continued to express HIS-24::GFP and NHR-2::GFP ( Figures 3C and 3D) . Expression of these markers initiated at the appropriate time (HIS-24::GFP) or one cell division later than normal (NHR-2::GFP), indicating that the effects we observed were not attributable to low levels of mRNA that gradually accumulated over several cell divisions. Nevertheless, we observed a slight reduction in the level of NHR-2::GFP at all stages, either because the embryos were dying or because of a minor requirement for CeTLF in nhr-2::gfp transcription. HIS-24::GFP, on the other hand, was completely unaffected by tlf-1 RNAi. The differential requirements of the three genes assayed here support the hypothesis that CeTLF is selectively required to transcribe some but not all Pol II genes.
CeTLF Is Required for Bulk Transcription in Early Embryos
The second change we observed was a complete absence of H5 immunoreactivity in early tlf-1(RNAi) em- interact with TFIIB, so this association is not definitive that endogenous CeTLF associates with the pes-10 proproof of a TBP-like function. Moreover, CeTLF is apparmoter in vivo. We generated transgenic arrays with mulently required for some but not all gene transcription tiple copies of the pes-10 promoter and the Lac operator (Figure 3) , whereas TBP is considered to be a general in animals that also expressed lacI::gfp. Staining for LAC factor required ubiquitously (Burley and Roeder, 1996). I::GFP bound to the Lac operator localized the extraOne possible distinction between these factors might chromosomal transgenic array within the nucleus. Cobe that CeTBP interacts with promoters containing a staining for endogenous CeTLF revealed that the factor TATA element, whereas CeTLF regulates those with colocalized with transgenic arrays when pes-10 prononcanonical TATA sequences. This explanation would moter DNA was present. This was visualized as a bright be surprising, since in other organisms genes that lack dot of CeTLF staining within the nucleus, which presum-TATA sequences still depend on TBP. Our analysis of ably reflected the large number of target sites within the potential CeTLF target genes does not support this hyarray that could associate with CeTLF ( Figure 5B) (Crowley et al., 1993) data). RNAi of tbp alone or in combination with a deletion and underscores the differences between these factors. of the tbp locus was not sufficient to eliminate CeTBP. Second, CeTLF plays a positive role in Pol II transcription Other methods will be required to examine the role of that is distinct from that of CeTBP. This function is both selective and direct, since only some Pol II genes are CeTBP in vivo.
We envision four explanations for the absence of ENDdaughters. Phosphorylation of the Pol II CTD is thought to facilitate transcriptional elongation by promoting re-1::GFP and PES-10::GFP expression in tlf-1(RNAi) embryos. First, CeTLF might regulate these genes directly.
lease of Pol II from the preinitiation complex (Dahmus, 1996) . CTD phosphorylation has also been implicated The ability of endogenous CeTLF to associate with the pes-10 promoter provides strong evidence for a direct in other processes such as binding mRNA processing factors to form the transcriptosome (Steinmetz, 1997). involvement in pes-10 transcription. We observed colocalization of CeTLF with pes-10 sequences in many cells
The absence of detectable CTD phosphorylation in C. elegans embryos during mitosis and after tlf-1 RNAi carrying the array, but not all. One interesting interpretation of this result is that regulatory mechanisms may implies that the bulk of Pol II was neither engaged in processive transcription nor found within the tranexist to recruit CeTLF to pes-10 at the appropriate time and place, similar to TBP in other organisms. Alternascriptosome at these times. The effect of CeTLF on bulk transcription is likely to tively, our staining procedure may not be sensitive enough to detect colocalization in all cells. Interestingly, be direct. Zygotic transcription is first detected at the four-cell stage, and no zygotic transcripts have been Tjian and coworkers found Drosophila and precipitated according to the manufacturer's specifications. We observed no difference in the terminal phenotype using doublestranded RNA that ranged from 0.5 mg/ml to 2.5 mg/ml. Figure 2 Cloning Cetbp was isolated previously (Lichtsteiner and Tjian, 1993). Beshows data using 0.5 mg/ml double-stranded RNA, while Figures  1, 3 , and 4 are from 1.2 mg/ml injections. Double-stranded RNA was cause no tlf-1 cDNA was available, we cloned tlf-1 cDNAs from poly(A) ϩ mixed-stage RNA. First round cDNA synthesis was perinjected into the gonads of young adults. Progeny laid at ‫53ف‬ hr p.i. were used for most analyses since this time point consistently formed using poly(A) ϩ RNA from mixed-stage worms. Two rounds of amplification were performed using the first strand cDNA as temgave the strongest phenotype. Earlier time points lead to embryonic arrest but often with a weaker terminal phenotype. Antibody staining plate with SL1-or SL2-specific primers (5Ј) and nested primers (3Ј). Second round PCR products of the expected size were gel purified demonstrated that these embryos still contained CeTLF. Later time points sometimes showed a reduction of H5 immunostaining in the and cloned into pCRII-Topo vector (Invitrogen). Sequencing confirmed that tlf-1 was trans-spliced to SL1. The tlf-1 cDNA sequence maternal germ line, suggesting that transcription in the mother might have been compromised, but the effects we describe were also is available from GenBank (AF228692). To determine whether some seen in mothers with apparently normal germ lines. When analyzing
